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DEVELOPMENTS IN ICING TEST TECHNIQUES FOR AEROSPACE APPLICATIONS i
IN THE RAE PYESTOCK ALTITUDE TEST FACILITY

by

A. R. Osborn
V. E. W, Garratt
R. G. T. Drage

SUMMARY

The altitude test facilities at RAE Pyestock are used in support of clear-
ance of aero-engines, intakes and helicopter rotors to operate under severe
icing conditions. An important aspect of the work is the simulation of the wet
icing cloud in terms of water concentration, mean droplet size and spectrum.,
Water spray rakes or booms have been developed for this activity and individual
nozzles calibrated in a purpose built wind tunnel using a laser particle sizer.
Although this paper mainly deals with the development of cloud simulation, it
also includes a short description of the facilities and the capability for
monitoring ice formation and shedding. !
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SEVELANENTS I8 16206 TEST TECHNIGUES FOR AEROIPACE APPLICATIONS
5 THE MAS PYESTOCK ALTIVURE TEST FACILITY

A R Osborn, V E U Garratt, R G T Drage
Preputsion Depertment, Roysl Aerospace Estebiishment
Pysstock, Mants. @ OLS, England

The altitucie test factlities at RAE Pyestock are used
in suppert of clesrense of sero-engines, intskes snd
helicapter rotors to eperate under severe icing
conditions. An fmportant aspect of the work is the
simnstion of the wet icing cleud in terms of water
concentration, mean dreptet size and spectrum. Water
spray rekes or boems hove been developed for this
sctivity snd fndividus! nozzies calibrated in e
purpose built wind tunnel wing & leser perticle
sizer. Although this paper meinly desls uith the
development of clowd simulation, it steo includes @
short description of the facilities ardd the capsbility
for monitering fce formation and shedding.

The safe operstion of civil and militery sircraft and
helicopters opersting tn weather conditions which can
cause fee buitld-up on engine intakes, engine fen,
compressor end hel fcepter rotor blades is & prime
concern of the air worthinses autherities.
Regulstions heve therefore baen intreduced in Eurepe
and the UBA which fduntify the test cenditiens with
which serespace whicles in ground-based facilities
mut comply before clesrence te fly in ifcing
conditions is given. Such facilities can penerste
spacified, consistent and repestable eltitude test
conditions {rreapective of the preveiling weethar and
tharefore contribute to o censtidersble reductien in
test time and cost. Clesrance for flight in ice-
forwing conditions can oiee be corried eut on nen-
flightworthy but representative and generic test
vehicles which can aleo contribute te savings.

The Royel Aercepece Eotablishment, England, hes two
sititude test colls ot Pyesteck which parmit icing
tosts to bu porforund at sontretied conditions. These
were primarity invended for stesdy-stete andl tremsient
performance evalustien of air breathing mfssile and
sere engines, It o capability for faing tests ws
recopninud anil incorpersted at the dusign stage.
Although there his been lang enperiense of icing tests
axtendiiy owr tusnty yeors, devetepment of test

ont eupnipent 1s & sont inutng pressss end
signifioat hprovamsnts hove resently deen
intredited. Thase ore eentred en ene of the aset
fnporeant slamnts of the whele prosess, the
stmtitfon of the defived slanl.

Sam feing stuuls comiot of o ninture of angpercesied
water dreplots O purticies of @ry 100 and camplevetly
dittoront todlinigiie sre wed for preducing these twe
osnperanty of Whe steud.
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Uater droplets are usustly produced in the icing
tnel using an srray of spray nozzies placed in the
cold {nlet air stream upstream of the test vehicle.

Customers seldom specify s requirement for mixed
cordlitions and the subject of ice perticle production
hes therefore not attracted the same development
effort as the production of water droplets. It is
thus not given prominence in this paper.

Tuo significant problems exist in performing represen-
tative icing tests, the procuction of a unifora drop-
let distributien end the messuremsnt of the droplet
spectrun leading to the derfvation of the volume
median dismeter (VD).

This peper begins by brisfly revieuing the icing
certification regulations. The test facilities at
Pyestock are then described together with e brief
description of the capsbility for monitoring fce
formation and shedding. Finelly, the development of
weter spray rakes is discussed, with perticular
asttention pefd to those persmsters and festures shich
influence the spray quelity. The use of the
calfbration fecility in exploring these veriables end
the development of apecial seesuremsnt equipment for
that purpose is fully described.

lcing tests ot Pysstock form pert of an oversll icing
certification programme agreed betusen the
mnufacturer and one or more of the three regulatory
suthorities empowersd to grant the relevent
operational clesrsnce for sercepece vehicles
merwfectured and/or tested fn the United Kingdom (UK).
These authorities are:-

()] The UX Hinistry of Defence Procurement
Exscutive (NID(PE)) wihfch desls with eflitery
oquipment ‘onnl by the spprepriate Sefence
Standard.

[ ] The British Civil Aviation Autherity (CAR)
which adeinfsters the Joint (Surepsan) Atrereft
Reguiramerts (JAR) appl fcable teo madern travapert
sfrcreft ond prepulsion syetens and sloe the old
dritish Civil Afrcreft Ragsiremmnts shieh otitl apply
te types orl.muy cortitiod to these

reguistions.

(3] The Sapartawt of Trorapertation of the
United Stotes of Amrics (UBA) Pedurel Avistion
adaintetration uhish feouse Potrel Avistion
Reguiations (PAR) end ssousiated Advisery Ciremlers
whish are epplissbie to BX daulestured serespase
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qnnmt‘nuld\ is required to cperate fn
America.

The Regulstions, which apply to all authorities,
demaryi that clesrance to operate in icing conditions
fs dependant on s thres-part sssessment:

(a) An in-depth theoretical snalysis of the
susceptible fcing aress on the flight vehicle at the
most severs atmoepheric conditions which mey produce
{ce accretion and their affect on the vehicle as &
whole.

(b) Full-scale rig tests at these critical
conditions,

(c) Flight tests performed in resl fcing
erwivrorments.

ALl three regulatory suthorities refer to the same two
stenderd wet icing stmcepheres detailed in Refs 5

to 8. These are the Maximm Continuous fcing
conditions releting to long tracts of stratiform cloud

2 MATWAUM VERTICAL EXTINT, 2000m (£,50011)
3 MOMIOMTAL EXTENT, STANDARD OISTANCE OF

o L 1 PRESSURE ALTITUDE RAMGE,SL TO §700m (220000
124 MAUTICAL WILES

LIUID WATER CONTEN! - gim P
°
K
v

o
Ly | et
Vs 20 ) » n ]
MEAN EFFECTIVE DROMLEY OMAMETER - MICADNS
STRATIFORM CLOUDS
30 * PRESSURE ALTITUDE RANGE,1200m TO §700m

’ ::0" O 12,0001)
IZONTAL EATENT, ST/
. pryrimding ANDARD DISTANCE OF

LIOND WATER CONTENT - g/m?

os

CUMULIFOM  CLOUDS
Fig. 1 Cloud charscteristics

it

and the Naximm Intermittent fcing typical of short
span cumut fform ctoud, luu‘tmd in Fig 1.

In general, the fcing test requiremsnts for the eivil
sircreft suthorities quoted shou, with some
exceptions, very close sgresment and it would sppeer
that there s & gradual convergence towsrds a comsmon
poticy covering sli aspects of clesrsnce to operate in
metursl fcing conditions.

3 SESCRIPTION OF ICING FACILITIES

The sititude test facilities at Pyastock, pictured
from overhend in Fig 2, coneist of five test cells
which are provided with air from a centrel compressor
house. Exhauster-compressors in the buitding extract
the exhaust geses and recuce the pressure in the test
chasber to simulate the required eltitude and siso
provide conditionsd eir at the cell inlet. The tast
article, be it sero angine or test rig, is maeumed in
the test cell and measuressnts of pressures,
temporatures, fuel flow, thrust, etc are taken by o
computer-controtted dets-gathering and snelysis
system.

Tuo of the four active test cells, Coll 3 and Cell 3
Vest are able to cool their intet sir to the sub-zero
temperatures required for fcing. The former is used
primarily for mititary engines and the latter for
large civil fen engfines. For normat fcing teats &
water spray rake is mounted fn the intet duct which
injects 8 cloud of finely stomised ueter draplets into
the afr stremm. An iretsilstion disgram of such an
srrangement fs shewn in Fig 3. Both facilities have
largs test chembers; Cell 3 is ém diometer and Coll 3
Vest, vhich has # diemeter of 7.6m, is big anough to
accommodate & heticopter fuselege (less retors) e
well oo the latest civil fen engines. A mjority of
the asro engine testing is done in the cenmacted mode,
in which all of the iniet air fs ducted into the front
of the engine. Vhenever pient capacity allows,
however, it is preferred to test engines in
conjunction uith their intakes fn the fres jet mode, a
method which is atweys applied to helfoepter rigs.

For this technique, air is discharged frem @ sulsanic
nozzle to erwelops the test wehicte thus giving o
better representation of the fres-stream flow field.

There are significent differences Jatueen the twe
celis in the way the intet oir is conditionsd, which
affects the test amvelepss and the retstionship
betwsen the stavisted and meturel icing conditions.
In Catl 3 wast, afr ts indued frem sthuephere threugh

™P 1214
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Fig. 2 Aerist view of test faciifity

.y

Fig. 3 Typicel engine irstalistion

Coll 3 Wust ore Linited by the rate of circulation of
the coslant to Detusen half an heur and three hours,
Cotl 3 con provide eold air contineusly for perieds
of 3 to 4 hours, Linited enly by the sir drying
capasity.

A further difference between the tiw cells inlet
conditioning syorems is the effect en mmdaity.
tdestly, the relative mmidity of the atr sheulid e
botusen 5 and ¥3% ot the peint vhere the draplets Wre
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injected 80 au te aininies the eveperstion of
droplets. Coll 3 hen on sdvantage in this respect o8
the afr is inftiatly dried ol Srought up to the
dusired unidity wing & stomm injection oystem. Cell
3 West, on the other hand, hes to
mnidity tovalls soowr fotlowing the
dryteg of mblan oir doring it
coslor. Bxpsrionce shaws, hovever
Linttation can be scospted By aveiding foing teete in
portiaterly amid or vory &ry suniitions. Winidtiey
is asnttored using & Richell cested mirrer don poine
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prabe placed in the low velacity air upstress of the
sproy reke which provides dew point temperstures from

which the reistive umidity st the wster spray rake fs

then sutomsticslly calculated.

Fig 4 shaus & typicel instalistion of o spray rake.
Four reke assemblies ere sweileble ranging frem one
with 37 nazales for & 0.9 » die duct te ene with

310 nozzles for & 2.464 & dis duct. The water supply
is demineratlised and heid in & tank at sbout 20°C and
pressurised to 400 kPs (100 paia), flow being con-

trolled by efther muitiple remotely-eperated valves or

verisble spesd pumps.

Fig. & Sprey reke installation

The oversll spray pettern of the various water
injection rakes is checked in the test chember. This
is achioved by mounting s target grid of rods
downstream of the spray rake snd blowing air at »
tanperasture ne higher then -15°C with both high end
tow water flow retes. The low tesperature enewres
that ali droplets impecting en the grid will freeze
and the resulting fce accretion pattern vhen enamined
sfter 3 to 5 mimnes of water injection gives an
oxceiiont indication of the unifornity of the spray.

Extersive factiitios are svaitable for viewing fce
sceretion orvd ite suseqnt shediing frem the test
vehicle. Thesa inslute slensd cirewit TV,

renstely eporated high definition still comeres ot
Moh-speed eind. For cnvucted tents, cumure viewing
wirdnus ore munted in the inlet dutt. These are kapt
frest end miet free by cicctro-thorusl hesting. A
typiont otili coiars photogrigh of erging feing ie
shaun in Flg 9.

Fig. 3 lce accretion ot engine intet

L} PRODUCTION A NEASURENENT OF UATER
BROMLETS

41 moesvmele

Afrblast stemising nozzles are used to produce a clowd
of weter dropiets, o typical nozzie being shown in Fig
6 comprising & central water noxzte surrounded by an’
srwvulsr air pesstge. Thres different sizes of water
noeziss sre currently svaiisble deperdding on the
liquid water centent (LUC) rerge required. The high
velecity of the stomising afr relative to the water
Jot premotes the bresk-up of the weter into fine
dreplets.

The whole Coll 3 West icing system wes recently
reviewsd and in the Light of many years experience of
feing trists ot Pyestack, verious festures were
fdentitiod for faprovemint. Thence it was @ecided to
ssnufasture three i sets of aprey reszies for the
torge spray rekiss incerperating sume of these
foprovemants. Tus of thess sets ware aade with the
same size water nezzles as the previms sets, fe 0.41
- and 0.6% ms. The third set, st 0.7% sm, wes larger
then had buen used before in antisipation of the
higher water flows pessibly regired for future Large
turbofan ergimes.

™P 1214
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The fsprovements incorporsted wers as follows:

<®) The noxzles were made in three perts rather
then two (Fig 6) allowing poaitive central location of
the air cap with respact to the wster nozzle,
independent of the concentricity of the locking nut.

() The water nozzle was sade of stainless steel
instead of brass meking the protruding nozzle less
wvulnerable to mechanical demage and chemical attack
from the de-ainevalised weter.

(c) The locking nut wes chenged from a round

knuried cylinder to a heptagonal nut allowing easier
and more positive tightening of the muts.

S A S S R NS SISO AN NS A NANSI S S NSNS Y

Neptagonal
locking mut Water le Al cap

fig. 6 Neu three-pert sprey notzie

Secaune of these goemmtric changes it ues necesssry to
confirm thet the besic sprwy nozzle droplet size
choracteristics half net Boen sffected and & cress
calibration test pregramie wus therefere undertehen.
These tests brought to Light seme unespected differ-
snces Sotween the old erul new noazles.

for axanple, it wos fouwd that a higher weter pressure
wet rodidl on the nuw noszles te gt the semp wber
flou rote, ond the i flew rote was redend;, dven
theugh the sstuat wuter meexie intirvel dhurily wos
nantnetly the sume. This wie Bttrthuted mainly te
tighier tetormuing an the: mw st
temiing to the wsbor pussede sk ighety sablter
ordd wes snet reticesble en the smstiest, 0.41 ma,
notztes. Althegh the hesie charectaristics remained

™P 1214

unchanged, this redction in water flow could sffect '

the selection of the nozzle sizes to provide the
required LMC. Another probles which became evident
during the testing of the nem nozzles in the Spray
Calibration Facility (SCF) use a decresse in the
stomising efficiency. * That is, with a given stomising
afr pressure at a given uster flow, the VWD was
greater uith the new nozzies. Exsmination of old and
now nozzles showed that there were probably two
factors contributing to this. Firstly, the design of
the new air cap charvwled the air more than before,
and secondly, the mechining process on the six blind
holes had thrown up smell ridges of metel (burrs) at
the top of the holes. The combination of these, o
channel and a restriction, msent that for the same
driving air pressure less air wes emerging from the
contral anrulus to atomise the weter jet. Comperative
afr flow asesurement on the seme nozzie before and
after ‘de-burring’ confirmed this. Similerly spray
meagsuremants showed that ‘de-burring’ restored the
atomising performence of the nozzles.

There vas concern that the change to the heptagonsl
locking nut, which wes sliightly more intrusive in the
tune! air stream then the round locking nut/sir cep,
might affect the spray characterfstics. WNowever,
direct comperison made by testing the same nozzle
fitted alternately with a single plece round and
single piece heptagonal air cap showed Little
ditference over s range of water flows apert from »
tendency for the heptagoral cap to give WDs about two
microns lower. Nowever, later investigations revesied
that the heptagonal cap slso had a lower pressure

" drop, resulting in o greater stomising air flow. This

could well heve contributed to the WD reduction.

% vater floy control

The control snd accurate measurement of the water flow
through the spray rake is important both for the
realisation of the specified LUC end the production of
correct droplet VD. The water flowmeters used for
this purpose are either of the Pelton wheel or turbine
type and are calibrated before eech icing instetilation
using & dedicsted tracesble gravimetric catfibration
system. .

On the 262 nozzle epray reke there is a fundumental
problem in that a pressure heed difference of up to
2.4 m betusen the top and botton Spray eres causes
unsquel water flous if not corrected. The current
mathod of solution uses a wster pressurs control
chasber of appronisetely 0.8 iitre velume positioned
on each sprey era. The chasber wster level s
mintained at & conatant level by an opticat sensor
controlling a solensid velve in the water inlet Lime
to esth shamber. This arrangembirt is shown in Fig 7.
Sach chasber i3 positionad se thet the weter tevel

npplying. The flow of water through each tpray sm
1s effected by displecing the watar frem the chenliers
W supplyirg rdtroyen gos inte the top of the
chanbers, the rete of water flow through the apray
srus being contrelled by the previnire of the wpplied
nitregen ges. A Systeh of current to preveurs

e i e o ——— - -
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converters and preumstic sultipliers ersbles the
nitrogen pressure to the water chasbers to be
controlled remotsly from the Engine Test Control Room.
whilst very successful in producing equal flows to the
sprey nozzles, this systes is subject to pulsations in
the water supply to the chambers caused by the
continuel opening end closing of the valves in the
foed Lines. This has made the instantaneous on-line
measuremant of total water flow difficult resulting in
average veluss of weter flow being used.

. o
LYY
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[\
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Fig. 7 Spray rske and control systea

A new {sproved sethod of weter flow control that
provides controlled continuous flow fs currently under
development. This system will supply water to each
sprey orm by an electrically driven positive
disptacement punp reguiated by s closed loop feedback
circuit. The speed of esch pump is centrotled by the
output of a differentisl pressure trensducer messuring
the spray rake arm water pressure referenced to the
static duct preseure within the test cell. Oy
comrolling the pressure at sach rels arm, constant
spray retes witl be schieved for spray rekes with
different mabers of spray nozzies and wverying test
cell conditions. To provide the correct intet
pressure conditions st the inlet manifold to the sproy
rake JUNpS & seperete prining pap end pressure
feodack cireuit, referenced to static duct pressurs
within the test cell, is fncerporated In the design.
Advantages of this rew systen witl bs the elinirmtion
of vater flew pulsetions; contretled watar flow to
eoch spray orm to cover the range of cenditions
spucitiod in the icing cartificotion regutations ordd 0
reduction in the time reguired to chings apfey retes
in eyclic feing cortification tests. Yhe swthed of

control will be mxch simpler compared with the esriier
design with control perameters presst via & computer.
The non-pulssting weter sprey rates during fcing tests
uill greetly simplify the analysis of time veriant
water spray rates. The performence of each pump will
be monitored on o digitsl resd-out and a ber-type
display.

43 gorey calibration faciiity

ldeslly, the sater droplet diameters should be
measured in the test cell close to the test body. In
practice this proves to be extremely difficult as both
the scale of the testing and the semf-industrisl
conditions are not compatible uith the sophisticated
type of instrumant required. This instrument hes to
be capsbie of messuring millions of droplets per
second, ranging in size from a feu to mmdreds of
microns. At Pyestock the siternative method of
colibrating the nozzles in a sepsrate Spray
Calibration Facility (SCF) has been adopted.

The SCF (Fig 8), recently enhanced, comprises sn opsn
cireuit wind tunnel with a 0.4 @ diameter working
section connected to exhsusting mechinery capable of
gererating air speeds up to 152 w/s (500 ft/s). Prior
to the enhancement the twin nozzle spray mest hed been
inserted into the working section from the side which
meant that the distance from the nozzle to the laser
beam wes fixed. In the test cell, depending on the
test configuration, the engine inlet is between 1.5
and 4.9 & from the fcing rake. In order to silow an
squivalent veriation the enhanced SCF hes a stesl tube
mounted slong fts axis which serves both to support
the nozzle arrays and contain the services. Two
representative srreys can be sountad on the end ot
this long ’sting’ fncorporating four and seven nozzies
respectively. This sting end noxzle(s) combination is
then inserted at the mouth of the tumnel (Fig 9)
allouing the sampling distance to be verted
continuously. The water mupplies sre fed to eoch arm
of the array individustily through the sting.

Setection of the mmber of erms/nozzies sctustly
spraying can be made both by the control of the water
to esch arm and by blenking off nozzles.

Fig. 8 Eivnind tarey Colthration Pesility

™P 1214
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Fig. 9 Nozzle errays ard sting

A Leser particle-sizer produced by Melvern Instruments
straddles the working section with its beam directed
through the droplet cloud. This instrument’s princi-
pte of operstion is ss follows. The diffrected laser
Light psttern formed by the droplet cloud is detected
by a photo-diode srray. This gensrated signal is then
corwerted into 8 droplet volume spectrum by proprie-
tary softwere using s personel computer. A typical
computer output showing 8 droplet distribution is
shoun in fig 10. As cen be sppreciated, this widely
accepted instrument is & major advance on eerlier
techniques besed on the use of oiled or costed gless
slides on uhich droplets and photo-
graphed for later armlysis. The laser measuring
system is non-intrusive, scans sany thousands of
droplets in o few seconds, produces on-line data end
can be operated remotely.

100 0
A 420
£

40

8
0 - 0

0 100
PARTICLE SIZE (um)
0.41mm NOZZLE YMD=20.52um

Qwe23 l/hr Po=60.9kFa

Fig. 10 Typical perticle sizer display

To enable the mrasuremart of a representative smple s
certain prepertion of the aain taser bosm mmst be
scattered on to the diode detector; this condition hes
bown setisfied in the past by wing one noaxle with &
tuwwl ofr velocity of sems 46 ws. This besm
checurstion ducrasses with tumel air spesd it more
feezies say now Do selected (¢ necessery te coupensste

™P 1214

for this. There is also the possibility that the 9

sdditions! spray ssy contaminate the lenses more
repidly leading to slower date-gethering because of
wore frequent to lens cleaning operations.

Various Lenses cen be used with the {natrument to
cover different particle size renges and working
distances. The (stter is defined as thet distance
from the lens within which droplets can be measured
accurstely. Experience has shoun that the best work-
ing srrangement is & 300mm Lens which has a working
distence of 400mm end & particle (droplet) size range
of 5.8 to 564 microns. This working distance accords
well with the 0.4 » tunel width. The lower droplet
size Limit of 5.8 microns is not a disadventage in
practice ss the sggregate volume of any droplets below
this size will generally be a very smell proportion of
the total volume for the distributions typicslly
produced by these nozzles. Additionslly, the Malvern
softuere makes some extrapotation for the undersize
droplets.

Functional checks sre made using s Verification
Reticle. This consists of an optical glass flet,
which can be attached to the receiving lens of the
perticle sizer, on which sbout 10000 chrome dots of
known sizes are deposited randomly within an Sem
dismter circular sres. The effective WD of this
array s initially determined by the manufacturers
within a specified tolersnce of 22 microns. [f the
particle sizer repests this messursment within the
sbove tolerance then it is concluded that the system
is functioning correctly. With such a complex opto-
electronic system this simple technigue is o very
worthwhile performence monitor.

k] TYPICAL SPRAY WOZZLE CALIGRATIONS

5.1 Sresentetion of date

The direct plotting of the SCF droplet size deta in
terms of WD versus atomising sir pressure for s given
weter flow yields o repestable wetl-defined smooth
curve, knoun st Pyestock as & nozzle charscteristic
(Fig 11). This curve is ssysptotic to both axes
showing the practicel Limits of operstion at any weter
flou. At one extremity it shows thet further
incresses in atomfsing sir pressure do not reduce the
WD significantly, giving the lowsr Limit at that
weter flow. On the WD axis it shous that at low
atomising sir pressures only smell reductions in this
quantity produces large incresees in VWD making it
impractical to work in this regfon. This occurs
wsustly towerds the higher VD veluss, depending on
the water flew retes, snd outside the normel working
renge of the noxzles. It is also perhaps worthwhile
pointing ot thet en this figure the dats from four
0.76 == nozzles have been plotted. There is Little
nozzie te neatle veristion giving sese confidence in
the unifernity of the gererated cloud.

hile theoe ourves sre extremely weful in checking
the consistency of the SCF duta they sre not
corweniant for use in the sitftude icing test
focilitios. In order to achieve the correct icing
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Fig. 11 Atomising cheractaristics of four 0.41 sm spray nozzles

conditions in the test cell the operator needs to know
the atomising air pressure which has to be set to give
the required WD at the water flow, chosen to
correspond to the required LWC. Curves showing this
relatfonship can be derived by cross-plotting from the
‘nozzle charecteristics’ using axes of water flow and
stomising sir pressure to produce ‘working curves’ as
shown in Fig 12.
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Fig. 12 Spray nozzle working curves
5.2 Effect of duct gir speed

previous work on the SCF with a larger working section
showed » marked dependence of WD on tuwel air speed
up to the limit of 76 ws. This dependence wes one of
the ressons for modifying the tumnel so thet it could
be investigeted st the higher eir speeds which could
be encountersd in actusl fcing tests. Yo dete only
prelininery fnvestigations have been carried out using
the central nozzle of the seven nozzle srray in the
enhanced facitity at the ssms stenderd distance.
increasing efr spesds up to 122 wW's st one water flow
on 8 0.7% e nozzle hes, however, not caused sny

sipgnificant change in the WD, as shown in Fig 13.

The reason for this discrepancy is unknown end cleerly
will be the subject of further work. One possible
explonation being considered {s that as the originel
SCF did not have an fdeal fntake flare the resulting '
turbulence may have distorted the spray plum,
especially et high tunnel air speeds. This would
cause the taser beam to sample different parts of the
plume, resulting in VD changes. The improved intake
of the enhanced SCF would, of course, remove this
effect.

4 TUNNEL AR SAEED - s mis
O TuNMEL AR SPEED « 91 mis
+  TUNNEL MR SREED 1220y
l'::m‘l SAMPLING OISTANCE + 0 7m
0.7 mm MOZZLE AT § 1 Leres it

E') ] 0 35 £

0 20
ATOMSING AR PRESSURE thPa)

Fig. 13 Effect of tunnel air speed on WD

5.3  Effect of mein stresm air
Sempereture

As the deminerslised water supply fed to the spray
rake in the test cetl is muintained at 20°C to prevent
it freezing before or on resching the nozzie, it my
be questionsd if the droplets have become supercooled
and/or resched sir streem temperature By the time they
arrive at the target, as they would {n a raturst
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cioud. This fs important because Narck & Bartlett and
others have shoun that ice accretion takes different
fa-wﬂmmom.wmwlnslt
fepect. Theoretical studies at Pyestock suggest
that white s 10 micron droplet comss to thermel
oquilibrium in 8 -5°C air strean in under & wetre or
s0, & 30 micron dreplet with 27 times wore sess, might
reqsire S matres, although 1t would still be
supsrcooled within about a metre.

ideally, from this point of view, the seperation
betwsen the epray rake and the target needs to be
grester than S & to ensure fully representative ice
sccretion, aithough distances doun to 3 m are probebly
scceptable.

6 CONCLIDING ABARKS

Although a solid date base on the Pyestock spray
nozzles hes been achieved there is considerable scope
for further work meinly through extending the
capability of the spray celibration facility end
investigating different spray nozzle designe.

The former SCF maximm air velocity limit of 76 w/s
wes not fully repressntative of the velocities used in
the sctual fcing tests and, as previously mentioned,
this parsmeter may affect the droplet WD. In the
enhanced SCF the asximm velocity has been incressed
to 150 /s ensbling more representative calibration
conditions to be generated.

All the messurements reported here have been mede with
the spray bar 0.7 m from the laser beam. This
distence is often excesded in icing tests and the
effect of this is not known end needs to be
irvestigated using the sting mounted nozzles.
Increased evaporation or coalescence mey occur,
changing the ®.

To date overall the SCF data gives ressonsble
confidence in the quality of the simulated clowd in
the altitude test facility. In the range 15 to 40
microns the specified VD can be produced st the
required LWC on the bests of consistent snd repesteble
catibration data. The nozzle-to-nozzie veriation has
been estadl fshed ss befng small, although confirmetory
tests are needed, and the droplet sfze distribution 1s
generally of & good form over o wide range of wster
flows. It can thersfore be said thet the icimng
conditions in the Pysstock sititude test facility meet
the current certification regulations. MNoreover,
there s scope to cover any probable developments in
these reguistions.

Future work at RAE will thus continue to be simed at
meting customer requirements and satisfying the
evolving demands of the Internationel regulatory
suthoritiss. In this respect, » document sbout to be
publt fshed by the FAA entitied *The Afrcreft Icing
Technolegy Sandbook® shauid stimutate internstionst
efforts towards producing o single comprehensive set
of icing requirensnts sloed st worldiide applicstien.
Internationsl effert might also be epprepriste to
uptate the existing feing cloud charscteristics
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beering in mind that these ere besed on date gethered
merly forty yesrs ago using flight instrumsntetion
for less precise then modern equipment. Perhaps this
should be extended to other perts of the globe not
previously surveyed.’ The test facitities at Pysstock
could play & role in this work by evalusting the
latest flight-standerd instruments.
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